Abstract: In the course of a taxonomic revision of the Doronicum clusii agg. (Asteraceae), we present an updated and commented distribution map of D. clusii (All.) Tausch and D. stiriacum (Vill.) Dalla Torre from the Alps and Carpathians, completed with information on biogeography and taxonomy. We show that D. stiriacum was erroneously indicated for the Carpathians south and southeast of the Rodna Mountains in Romania and for the Western Alps. In the Western Carpathians, it has only been rarely mentioned for the Nízke Tatry (Lower Tatras) and the Belianske Tatry (Belá Tatras) in Slovakia.
Introduction
The Doronicum clusii aggregate (Asteraceae) is a monophyletic group (Álvarez Fernández et al. 2001) comprising two pairs of European alpine taxa, namely D. glaciale (Wulf.) Nyman and D. calcareum Vierh. (= D. glaciale subsp. calcareum (Vierh.) Hegi) on the one hand, as well as D. clusii (All.) Tausch and D. stiriacum (Vill.) Dalla Torre (= D. clusii subsp. villosum (Beck) Vierh.
1 ) on the other hand (Ehrendorfer 1973; Fischer 1994; Fischer 2008; Greuter 2008) . Although both latter names are problematic from a nomenclatural point of view (Greuter 2008: 205, 797 ; C. Pachschwöll unpublished), we here use the binomial D. stiriacum following therein the two editions of the checklist of Central European vascular plants (Ehrendorfer 1967 (Ehrendorfer , 1973 . This is in accordance with floras and checklists such as Nyárády (1964) , Kucowa (1971) , Fischer (1994) , Marhold (1998) , Mosyakin & Fedoronchuk (1999) and Ciocârlan (2009 ), whereas Ferguson (1976 , Tasenkevich (1998) , Mirek (2002) , Aeschimann et al. (2004b) , Fischer (2005) , Oprea (2005) and Fischer (2008) treated this taxon as a subspecies of D. clusii.
Similarly as the majority of species in the genus Doronicum (Álvarez -Fernández 2003) , D. calcareum, D. clusii s. str. and D. glaciale are diploid with 2n = 2x = 60 (Favarger 1950; Polatschek 1961; Lovka et al. 1972; Favarger 1991; Huber & Baltisberger 1992) , whereas D. stiriacum is tetraploid with 2n = 4x = 120 (Wcis lo 1951; Tasenkevitch et al. 1989; C. Pachschwöll & H. Weiss-Schneeweiss: unpublished counts from the Eastern Alps). Doronicum glaciale is centred in moraines, alpine meadows and snowbeds on calcareous or intermediate bedrock whereas D. calcareum grows in the same vegetation types but is strictly confined to calcareous bedrock. Both species are endemics of the Eastern Alps. Doronicum glaciale is distributed from the Tuxer Alpen and Julijske Alpe/Alpi Giulie in the West and South to the Hochschwab massif in the East whereas D. calcareum is a local endemic of the north-easternmost Calcerous Alps from the Hochschwab massif to Mt. Schneeberg. Doronicum clusii and D. stiriacum are both acidophilic species of moraines, steep slopes and alpine meadows which tolerate slightly base-rich soils, but do not grow on carbonate bedrock (Aeschimann et al. 2004b; Fischer 2008; Kyak 2009; Staudinger 2009; Stöhr 2009 ).
In herbaria as well as in the literature, taxa of the Doronicum clusii agg. were often confused with each other, or with the more distantly related (Ál-varez Fernández et al. 2001 ) D. grandiflorum Lam., D. carpaticum (Griseb. & A. Schenk) Nyman and D. columnae Ten.; Doronicum carpaticum occurs in subalpine to alpine screes, meadows, rocky slopes on lime- (Merxmüller 1952; Meusel & Jäger 1992) , revisions (Vierhapper 1900; Cavillier 1907; Álvarez-Fernández 2003) , floras (e.g. Hegi 1928 Hegi /1929 Nyárády 1964; Ferguson 1976 ) and critical checklists (Oprea 2005) , our main aim was to clarify the distribution of these two species with emphasis on the Carpathians, a need already identified by Kyak (2009) . We adopted a similar approach as Ronikier (2010) for Ranunculus glacialis L. from the Rodna and Fȃgȃraş Mountains. 
Material and methods

In
Results and discussion
Erroneous Iberian indications of species of the Doronicum clusii agg. Although D. clusii and even D. glaciale have been repeatedly reported from the Pyrenees and the Cantabrian Mountains (Willkomm & Lange 1870; Hegi 1928/ 29; Merxmüller 1952; Ferguson 1976; Chilton 1997) , it has been long known that these are errors due to confusions with D. grandiflorum as well as with D. carpetanum subsp. diazii (Vierhapper 1900; Cavillier 1907; Meusel & Jäger 1992; Álvarez-Fernández 2003) . Modern floras of Asturias (Mayor & Díaz 1977) , Catalonia (Bolòs et al. 1990) (Charpin & Jordan 1992 ; Fig. 1 ). Doronicum clusii has been erroneously reported for Germany, e.g. for the Berchtesgadener Alpen (Hegi 1928/29: 724) . This is due to confusions with D. glaciale, which is known from southeastern Bavaria (Vierhapper 1900 : 261, Wagenitz 1987 : 1373 , Rothmaler 2002 . One of the northernmost populations of D. clusii can be found on Mt. Rothornspitze (Allgäuer Alpen, Tirol, Austria), which is about 2.5 km air line distance to the German border (Gutermann 1970; Dörr 1979; Dörr & Lippert 2004 spite of the ample presence of suitable geological substrates in between the two localities (Vierhapper 1935: 223) . The distribution of Doronicum stiriacum in Austria is well documented (herbarium specimens in Herb. Gutermann, GZU, LI, W, WU; data from FMA) and restricted to the Niedere Tauern (Schladminger Tauern, Wölzer Tauern, Rottenmanner Tauern, Triebener Tauern, Seckauer Alpen), Seetaler Alpen and Gurktaler Alpen in the federal states Salzburg, Steiermark and Kärnten (for detailed distribution maps see Hartl et al. 1992; Maurer 1998 and Wittmann et al. 1987) . Doronicum stiriacum was repeatedly reported for the Swiss cantons Valais and Graubünden as well as for the Dauphiné e.g. in the distribution maps of Merxmüller (1952: 108) and Meusel & Jäger (1992: 496) , in the Central European Flora of Hegi (1928/29: 725) or in the "Catalogue de la Flore Valaisanne" (Jaccard 1895: 200) and its "Supplementum" (Becherer 1956 ). With good reasons, Vierhapper (1900) and Niklfeld in Meusel & Jäger (1992: 273) already doubted the occurrences of D. stiriacum in the Western Alps. In the Flora of Switzerland and adjacent regions (Heß et al. 1980) , D. stiriacum is not mentioned any longer. 
Distribution of D. stiriacum in the Carpathians
In Central European Floras of the 19 th century, D. stiriacum has often been confused with other species. Therefore, e.g. Fuss (1866: 340-343) , Neilreich (1866: 115-116) , Schur (1885: 339-341) and Simonkai (1886: 321-323 ) erroneously reported D. glaciale (as Aronicum glaciale), D. grandiflorum (as A. scorpioides) and D. orientale (as D. caucasicum) for the Romanian parts of the Carpathians. As we know today, only D. stiriacum, D. carpaticum und D. columnae grow in the alpine regions of the Carpathians. The species that was most often erroneously reported for particular mountain ranges of the Carpathians is D. stiriacum. In the following, we confirm or reject the presence of this species in different mountain ranges the numbering of which corresponds to the numbers in Fig. 1 . 1. Nízke Tatry (Lower Tatras; Slovakia) Doronicum stiriacum was first mentioned as Arnica Doronicum by Wahlenberg (1814: 273) for Mt. Ďum-bier. Pax (1908: 155) regarded D. stiriacum (as D. Clusii) as a characteristic alpine saxicolous plant of the Nízke Tatry. Sillinger (1933: 284, 287, 290, 309) listed D. stiriacum (as D. Clusii) in several relevés and Álvarez- Fernández (2003: 354) mentioned it for Mt. Chopok. This is in accordance with the good documentation by herbarium specimens in BP, GZU, SAV and WU (Appendix 1). In contrast, Vierhapper (1900) and Cavillier (1907) did not indicate the taxon for the Nízke Tatry, and Dostál (1989 Dostál ( : 1046 Townson (1797: 365, 492) and subsequently by Wahlenberg (1814: 273) for the Western and the High Tatras. Since then, the occur-rence of D. stiriacum has been well documented for this mountain region, where it is fairly frequent (Kotula 1889-1890: 325-326, Sagorski & Schneider 1891 : 234-235, Pax 1898 : 198, Vierhapper 1900 : 206, Győrffy 1909 , Krajina 1933 , Rechinger & Scheffer 1933 , Hadač 1956 , Kucowa 1971 : 314-315, Mirek & Piekoś-Mirkowa 1992b , Dostál 1989 : 1046 , Zając & Zając 2001 , Kliment et al. 2010 . Lists of localities can be found in Wcis lo (1951: 150) for Polish Territory as well as in Vierhapper (1900: 206) , Kotula (1889 Kotula ( -1890 ; as D. hirsutum) and in Appendix 1 for Polish and Slovakian territory. Álvarez-Fernández (2003: 354) erroneously mentioned a herbarium voucher of D. clusii for former Yugoslavia (YUGOSLAVIA. Visoki Verch, Liptau, July 1894, Ullepitsch s.n.; B) which was also cited by Greuter (2008: 205 Sagorski & Schneider (1891: 234-235) , Vierhapper (1900: 206) , Hadač (1969 Hadač ( , 1987 , Dostál (1989 Dostál ( : 1046 and Álvarez-Fernández (2003: 354) . In contrast, Kotula (1889 Kotula ( -1890 ; as D. hirsutum), Domin (1926 Domin ( : 100-101, 1928 and Petrík et al. (2006) mentioned several localities, what can be confirmed by various herbarium specimens (Appendix 1). In this mostly calcareous mountain range east of the High Tatras, D. stiriacum is confined to acidic bedrock such as spotted shale, marl, hornstone and quartzite (Domin 1926; Domin 1928; Petrík et al. 2006) . 4. Chornohora (Ukrainian Carpathians, Ukraine) For the Chornohora mountain range, D. stiriacum was first mentioned as Aronicum Clusii by Herbich (1860: 613) for Mt. Hutyn-Tomnatyk (as "Tomnatik") and another locality, given as "Bombiwski". Apart from the historical records of Herbich, D. stiriacum is known from a few other localities in this small mountain range (Appendix 1). Later, the occurrence of D. stiriacum in the Chornohora has been overlooked by several authors although it is mentioned for the present territory of Ukraine in Badanina et al. (1994) , Badanina (1997) , Čopyk (1977) , Dobrochaeva et al. (1987) , Gorshkova (1961 Gorshkova ( , 1995 , Minderova (1962) , Kyak (2009 ), Popov (1949 and Tzvelev (1994 Tzvelev ( , 2002 . Due to the restricted availability of alpine habitats in the Ukrainian Carpathians, D. stiriacum is listed in the Red Data Books of Ukraine as "vulnerable" and "rare" respectively (Shelyag-Sosonko 1996; Kyak 2009 (Coman 1938ab, Deyl 1940 ) D. stiriacum is not listed. We strongly believe that it was confused with D. carpaticum or D. columnae since the latter species is frequent in this region (Nyárády 1964 Ungar (1925: 475-476) regarded it as one of the rarest plants in Transylvania, which only grows on rocky slopes of this mountain range. In the Romanian Flora (Nyárády 1964: 520) , several locations were given, including the highest peak Vf. Pietrosul Mare (Vf. Pietrosul Rodnei) with an elevation of 2305 m. Mititelu et al. (1989: 28) listed D. stiriacum in their enumeration of plants from the Pietrosul Mare reserve. In his relevés, Georghe Coldea mentioned dozens of localities where D. stiriacum (as D. clusii) grows in the alpine region of the Munţii Rodnei on acidic bedrocks like crystalline and gneiss (Coldea 1990 , see also Appendix 1). Doronicum carpaticum is known from the Munţii Rodnei as well (Coldea 1990 : 43, 44, 50, 54, 61, 70, 75, 78, Nyárády 1964 ; data from IntraBioDiv; specimens in CL, IAGB, IASI, SIB). Both species often co-occur on the same mountains, such as on Vf. Anieşul Mare, Vf. Corongiş, Vf. Gȃrgȃlȃu, Vf. Ineu, Vf. Omul and Vf. Pietrosul Mare (Coldea 1990 ; specimens in BUCA, CL, SIB and "HBV"). Already Pax (1898: 170) was aware of the fact that only in the Munţii Rodnei and the Chornohora range, D. stiriacum and D. carpaticum can be found together. Doronicum carpaticum does not reach the Tatras in the West, whereas D. stiriacum has its southernmost Carpathian populations in the Munţii Rodnei. The occurrences of D. stiriacum as well as of D. carpaticum in the Munţii Rodnei are well documented in the herbaria BP, BUCA, CL, "HBV", IAGB, IASI, LI, SAV, SIB, W and WU (see also Appendix 1). 7. Munţii Ţ ibleşului (Ţ ibleş Mountains, Romania) Doronicum stiriacum was first listed by Baumgarten (1816: 135) Nyárády (1964: 520) listed it for Mt. Arsu (Vf. Arcer) and obviously erroneously for Gîrbova, a location at lower altitude. To our knowledge, D. stiriacum has never been documented for the Munţii Ţ ibleşului. Similarly as for the Munţii Maramureşului, confusion with the widely distributed D. carpaticum and D. columnae seems to be most probable (Nyárády 1964 ; data from IntraBioDiv). 8. Munţii Cȃlimanilor (Cȃlimani Mountains, Romania) Neither Chirilei (1934 Chirilei ( -1935 nor Csüröş (1951) mentioned D. stiriacum for the Munţii Cȃlimanilor, but later on Gubesch (1969: 60) reported this species for the path between Vf. Retitis and Vf. Voivodesii. Also Mititelu et al. (1986: 29) listed it, but without exact locality or citation. The most recent checklist of the Parcul National Cȃlimani (ICB Iaşi 1994) does not mention D. stiriacum, but D. columnae instead. Since it is known that the list of Mititelu et al. (1986) is partly based on older literature without citations and D. stiriacum could not be observed in the field (Gh. Coldea & M. Puşcaş 2004 and M. Puşcaş 2009, pers. obs.) nor do herbarium specimens exist, we consider it as erroneously reported for the Munţii Cȃlimanilor. It may also be that the highest peak of the Munţii Cȃlimanilor, Pietrosul, was confused with Pietrosul Mare, the highest peak of the Munţii Rodnei. 9. Munţii Ceahlȃu (Ceahlȃu Mountains, Romania) Doronicum stiriacum was first mentioned for the Munţii Ceahlȃu in Grecescu (1906: 452) as Aronicum Clusii. He mentions that this plant was discovered and collected by the pharmacy student G. Zȃpisescu in 1896 on humid and shady places of Mt. Ceahlȃu, a habitat typical for D. carpaticum. In the same paper, Grecescu lists and comments D. columnae as well as D. carpaticum (as A. carpaticum). Later studies of this mountain group (Panţu & Procopianu-Procopovivi 1901; Panţu 1911; Nyárády 1924; Grinţescu 1931) did not mention D. stiriacum, not even in their remarks on alpine floristic elements. Nyárády (1964: 520) reported D. stiriacum for the Munţii Ceahlȃu, but without any specific locality. Together with D. columnae and D. carpaticum, D. stiriacum was listed by Mititelu (1989: 60) who also included historical findings without specific citations. In Manoliu et al. (2002) , D. stiriacum is given with a question mark, meaning that it could not be observed in recent times and may only have been erroneously reported in older literature. We could not trace herbarium specimens of D. stiriacum from the Munţii Ceahlȃu. In contrast, D. carpaticum is well documented from the Munţii Ceahlȃu in CL, IASI and W. 10. Munţii Bucegi (Bucegi Mountains, Romania) Baumgarten (1816: 135-136) reported D. stiriacum (as Arnica glacialis) as well as D. grandiflorum (as A. scorpioides) for the Munţii Bucegi. Later, Fuss (1866: 340-343) , Schur (1885: 339-341) and Simonkai (1886: 321-323 ) repeated these indications. Therefore, the occurrence of both species in the Munţii Bucegi is listed in Nyárády (1964: 516, 519-520) , but the occurrence of D. grandiflorum is doubted in this work since it has never been confirmed for Romania. In the 19 th century, the name Aronicum scorpioides var. carpaticum Griseb. & A. Schenk was used as a synonym for D. carpaticum (Griseb. & A. Schenk) Nyman, e.g. in Schur (1885: 341) which is well documented for the Munţii Bucegi with herbarium specimens in CL, IASI, LI, W and WU. In contrast, D. stiriacum could never be confirmed for this mountain range (Pax 1898; Pax 1908; Panţu 1907; Ungar 1913 : 79, Ungar 1925 : 476, Haret 1931 Domin 1933 and Beldie 1967: 277) . Beldie (1967: 277) cited a herbarium voucher of D. grandiflorum in LW, collected by Ferdinand Schur in the Munţii Bucegi, which may be in fact D. stiriacum. However, since it is known that Schur often mixed up labels and locations from Transylvania with those from other regions (Soó 1962 : 246), we do not consider him as a reliable source. In SAV, we found a specimen of D. stiriacum (as Aronicum glaciale) from the herbarium of Carolus Mergl collected by Gustav Moesz: "Bucsecs (Transsilvania), 1893. julius 28. Moesz." Apart from this problematic historical specimen, we could not trace any herbarium specimen of D. stiriacum from the floristically well explored Munţii Bucegi in all checked herbaria. 11. Munţii Fȃgȃraşului (Fȃgȃraş Mountains, Romania) Fronius (1856: 127) listed D. stiriacum (as Aronicum clusii) for the Lacul Doamnei ("Domnisee"). This indication was cited by later authors like Fuss (1866: 342) , Simonkai (1886: 323) , Ungar (1913: 79) , Nyárády (1964: 520) and Drȃgulescu (2003: 359) . Ungar corrected this error later on in his Flora of Transylvania (Ungar 1925: 476) . Not even Nyárády (1911) , who investigated the montane, subalpine and alpine flora of the Fȃgȃraş Mountains, mentioned D. stiriacum. In W, we found a specimen of D. grandiflorum from Vf. Negoi ("In locis humidis alpinis Transsilv. in monte Negoi") collected by Schur bearing no collecting date or collection number. As pointed out in the previous chapter, we do not consider Schur's specimens as reliable sources. Also Hayek (1915: 100) believed that specimen and label did not belong together. We could neither find D. stiriacum near Lacul Doamnei (C. Pachschwöll, pers. obs. 2009) or in other parts of this mountain range (M. Puşcaş, pers. obs. 2010) nor could we trace any herbarium specimen of this species from the Munţii Fȃgȃraşului. Similar as in other mountain ranges of the Southern Carpathians, D. stiriacum was obviously confused with the omnipresent D. carpaticum which is well documented from there e.g. in Nyárády (1964: 513) and Drȃgulescu (2003: 359) as well as by numerous vouchers in CL, IASI, LI, SIB, W and WU. 12. Munţii Parângului (Parâng Mountains, Romania) Fuss (1866: 342) , followed by Simonkai (1886: 322) , reported D. carpaticum (as Aronicum carpaticum) for the Munţii Parângului ("Paringul" and "Pareng"). In the Flora of Romania (Nyárády 1964: 520) , also D. stiriacum was indicated for the "Munţii Parîngului" with-out any precise location, likely due to confusion with D. carpaticum or D. columnae, which are known from there (CL; data from IntraBioDiv). Vierhapper (1900: 206) cited a herbarium voucher from Romania: "Banat (Rochel, hb. K.)". From his distribution map on page 261, it is obvious that he meant the Munţii Retezatului, which are partly situated in the historical region of Banat. This specimen collected by Anton Rochel (herbarium Kerner in WU) does not bear additional information about its origin, but it can be seen from Kerner's personal handwriting, that he got this voucher as Doronicum sp. only. The specific epithet on the label was possibly added later on by Friedrich Vierhapper (W. Till, WU, pers. communication) . In WU, another specimen of D. stiriacum collected by Rochel can be found: "Arnica Doronicum Jacq., V. Rg. Alp. Lipt., Rochel", meaning that is was collected in the Western Tatra Mountains, in the "Alpes Liptovenses" of the historical Liptov region. It bears a label from the second half of the 20 th century: "Beleg zu A. ROCHEL: Plan. Banat. rar. (1828)", which was obviously glued onto the wrong specimen. As Anton Rochel did not mention D. stiriacum in his works (Rochel 1828; Rochel 1838) , we are confident that Rochel's putative specimen from Banat was confused with accessions from the Tatra Mountains.
Since we could neither find D. stiriacum on Vf. Retezat (C. Pachschwöll, pers. obs. 2009 ) nor are there reliable herbarium specimens from the Munţii Retezatului, not even in the collections of Feichtinger Sándor in BP and SZE, we consider it as not present in this mountain group. Similar as in the previous cases, D. stiriacum was obviously confused with D. carpaticum, which is fairly frequent in this mountain range (C. Pachschwöll, pers. obs. 2009; herbarium specimens in CL and W; Nyárády 1958: 153 ; data from IntraBioDiv). 14. Munţii Ţ arcu (Ţ arcu Mountains, Romania) Nyárády (1964: 520) and Boşcaiu (1971: 185) , mentioned D. stiriacum for this mountain range, but without any precise locations. Boşcaiu (1971: 185) cited Jávorka (1925) and Prodan (1939) , who gave some meanwhile outdated general information about the distribution of D. stiriacum. Obviously, Boşcaiu has not seen D. stiriacum himself in the Munţii Ţ arcu. In the same book, he reported D. columnae and D. carpaticum for several locations (Boşcaiu 1971: 185, 361, 365, 376, 381 Pax (1898: 170) and Ungar (1925: 476) . For Paw lowski (1928) , D. stiriacum (as D. Clusii ssp. stiriacum) represented an element of the Campanula alpina-type, but the latter species has a larger distribution range in the Eastern Alps and Carpathians, including the Southern Carpathians and mountains of the Balkan Peninsula . Also all other species Paw lowski (1928: 166) mentioned are much more widespread than D. stiriacum. So far, we are not aware of any other acidophilic plant with a similar distribution, spanning the easternmost Eastern Alps and the Carpathians from the Tatras to the Munţii Rodnei.
We showed that the distribution of D. stiriacum in Romania is restricted to the Munţii Rodnei. Maybe owing to insufficient knowledge, it was neither mentioned in recent Romanian Red Lists (Boşcaiu et al. 1994; Sârbu et al. 2007 ) nor in the list of vulnerable high mountain taxa in Romania (Coldea et al. 2009 in Appendix 2). In his critical catalogue of Romanian vascular plants, Oprea (2005: 378) listed D. stiriacum but considered it as not threatened. Due to the large extent of suitable alpine habitats in the Eastern Alps and Western Carpathians, D. stiriacum is not threatened there and is thus not mentioned in most Red Lists or Red Data Books of Austria, Slovakia and Poland (Mirek & Piękoś-Mirkowa 1992; Čeřovský et al. 1999; Niklfeld & Schratt-Ehrendorfer 1999; Kaźmierczakowa & Zarzycki 2001; Tasenkevich 2003; Zarzycki & Szeląg 2006) . The only exception is the Red List of Slovakia (Ferákova et al. 2001) , where D. stiriacum is treated as a species at lower risk: near threatened (LR: nt). In the current Red Data Book of Ukraine, which does not use IUCN-criteria, D. stiriacum is listed as a "rare" species (Kyak 2009 ). Similar as in the former Ukrainian Red Data Book (Shelyag-Sosonko 1996), we suggest treating this species as vulnerable (VU) in Romania following therein the guidelines of the IUCN (IUCN 2010 ).
This status is justified because of the restricted distribution area in Romania as well as by the fairly limited extent of alpine habitats that is expected to shrink further due to global warming (Thuiller et al. 2005; Engler et al. 2011) .
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